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中 文 摘 要 
I 
 
中 文 摘 要 
本研究用微波水热法代替传统固相法，力图提高三基色荧光粉的性能，为第
三代照明光源（荧光灯等）做贡献，并进而为第四代多基色（其中的三基色方案）
白光发光二极管（light emitting diode，简称 LED）照明光源做准备。对三基色荧
光粉质量影响 明显的是(Ce3+, Tb3+)MgAl11O19（简称 CAT）绿色荧光粉。本研
究用微波水热法制备 CAT 荧光粉，此工作还未见报导。 
第四代多基色（三基色方案）白光 LED 芯片的发光效率，至今未能满足要




































三、采用非均相沉淀法制备的 YAG: Ce3+（化学式为 Y3-xAl5O12: Ce3+x）荧光
粉，Ce3+的 佳加入量是 x = 0.06，与高温固相法和共沉淀法所获的结果一致。
本研究用两步热处理制备荧光粉。第一次热处理为 900 ℃~1300℃下 2 h，发现
系统主要进行的是固相反应；第二次热处理为 1300~1550℃下 2 h，发现系统继
续在进行固相反应，但主要是在进行进一步的烧结。随着第二次热处理温度从  
1300℃逐渐提高到 1550℃，晶体逐渐完善，粉末粒径逐渐增大，团聚逐渐严重，
发光强度逐渐增强；在 1500℃进行热处理所获的荧光粉综合性能 好。 
四、研究了不同助熔剂对于第一次热处理（主要是固相反应）后的晶相组成、
颗粒形貌和粒径，以及荧光粉发光性能的影响。结果发现：助熔剂对于固相反应
促进作用的顺序是：NaF 强，NH4F 次之，H3BO3 较弱；这是因为，F 和 Na
都是极强的助熔剂，能在大大地降低形成液相温度，液相的生成有利于固相反应
的进行。对于 NaF 而言，这个效应是双重的，而 NH4F 的效应仅是单一的；而
H3BO3 容易与系统中的组分形成硼酸盐，H3BO3 和硼酸盐（以及氧化硼）都与典
型的玻璃形成体相关联，这种玻璃形成体能在较低的温度下形成液相，但这个较
低温度的影响比上述的 Na 和 F 造成的低共熔温度的作用弱的多。 
研究了不同助熔剂对于第二次热处理后的荧光粉发光性能的影响。结果发
现：助熔剂对第二次热处理后的荧光粉发光性能有提高，以 H3BO3 佳，NaF





研究也发现 H3BO3 促进晶化效果好于 NaF 和 NH4F。 
 
 


















In order to improve the performance of triphosphors, to prepare the fourth 
generation polychromatic lighting source, one of which is the trichromatic white light 
emitting diode (LED), the microwave-hydrothermal processing was employed to 
prepare a phosphor, instead of the traditional solid-state reaction one.  
(Ce3+, Tb3+)MgAl11O19 (CAT) green phosphor was firstly choose to be investigated; 
owing to it has the most important influence on the properties of triphosphors, 
comparing with other two kinds of phosphors of triphosphors. No literature has been 
searched concerning preparation of CAT phosphor by microwave-hydrothermal 
processing. 
The trichromatic white LED is one of the reasonable choice for the 
polychromatic white LED, though the efficiency of LED chips still need to be 
enhanced. At present, the dichromatic white LED is the main choice for the 
polychromatic white LED. The main route to a dichromatic white LED is to utilize an 
InGaN chip that emits blue light and Cerium-doped yttrium aluminum garnet (YAG: 
Ce3+) phosphor that emits yellow light. So far, the solid-state reaction method is the 
most popular for preparing YAG: Ce3+ phosphor. By this processing, however, the 
particles of the so prepared phosphor are not spherical and turn to be agglomerated. It 
has been proved that coprecipitation processing may be a hopeful one to take place of 
solid-state reaction processing in industrial scale. Many literatures concerning 
coprecipitation have been reported. By heterogeneous precipitation processing, the 
spherical precursor could be more successfully prepared, the solid-state reaction could 
be easier completed, compared with coprecipitation processing. No literature 
concerning preparation of YAG: Ce3+ phosphor by heterogeneous precipitation 
processing using oxalic acid as a precipitant has been searched. 
This investigation has been divided into the following three parts. The influence 
of the processing parameters on crystallization, particle morphology and 
luminescence characters were also investigated. In first part, the main content is 
















the effects of the heat-treatment temperature. In second part, the main content is 
preparation of YAG: Ce3+ phosphor by heterogeneous precipitation method and 
evaluation of the effects of the heat-treatment temperature. In third part, the main 
content concerns influences of the fluxes on heat-treatment procedure of the precursor 
of YAG：Ce3+ prepared by heterogeneous precipitation method. The conclusions 
obtained in this investigation are as follows: 
1. Following its precursor been successfully prepared by microwave- 
hydrothermal processing; CAT phosphor has been obtained by further heat-treatment. 
There is complex phase change during heat treating the precursor. Having been 
heat-treated at 1350℃ for 2 h, CAT phosphor with white colour was obtained with a 
high luminescence intensity. The spectra of CAT phosphor prepared by 
microwave-hydrothermal processing are the same as to those prepared by other routes. 
A blue shift of the peak has been absorbed in its emitting spectrum. This may resulted 
from that the microwave-hydrothermal processing benefits to the diffusion of Mg2+ 
better than other methods. 
2. The precursor of YAG: Ce3+ has been successfully prepared by heterogeneous 
precipitation processing. The particles seem to be roughly spherical. The formation of 
the phase is in the follow order: YAM, YAP and YAG. This supports the conclusion 
that the partial diffusion efficiency of Y3+ is slightly smaller than that of Al3+ in 
Al2O3—Y2O3 system. 
3. The most suitable quantity of Ce3+ in YAG: Ce3+ (Y3-xAl5O12: Ce3+x as its 
chemical formula) phosphor prepared by heterogeneous precipitation processing is x = 
0.06. This is the same as that prepared both by solid-state reaction processing and 
coprecipitation one. The phosphors were prepared by two-step heat-treatment. The 
first-step is at 900~1300 ℃ for 2 h, while the main course is solid-state reaction 
during the first-step heat-treatment. The second-step of the heat-treatment is at 1 
300~1550 ℃ for 2 h, the main courses include solid-state reaction and sintering. By 
the temperature rising from 1300 to 1550 ℃, both the particles size and the grain size 
had increased, while serious agglomeration and enhanced luminescence intensity were 
obtained. The phosphor treated at 1500 ℃ achieved the best property, comparing with 
those at other temperatures. 
















luminescence property of the phosphors after first-step heat-treatment, in which the 
main course are the solid-state reaction, have been investigated. It is found out that the 
ability of the flux promoting the solid-state reaction is in the following order: NaF > 
NH4F > H3BO3. Both F and Na are cataloged to the strongest fluxes. Both they can 
greatly decrease the temperature of the inception of liquid phase, which benefits to 
solid-state reaction. It is clear that NaF with both Na and F has double effects, 
whereas NH4F has single one only. H3BO3 can react with a component of the system 
to form borate. H3BO3, borate and B2O3 as well are relative with a typical glass 
network former. This glass network former can be soften, transforming to a liquid 
phase at a low temperature, which benefits the solid-state reaction. This influence, 
however, is much weaker than the above mentioned effect of Na or F, respectively. 
Effects of the flux on the property of the phosphor after the second-step 
heat-treatment have been investigated. The luminescence property of the phosphors 
has been found to be promoted by addition of the flux. It is found out that the of the 
flux ability promoting the second-step heat-treatment is in the following order: H3BO3 
> NaF > NH4F. During the second step heat-treatment, two main procedures, the 
primary recrystallization and the grain growth, had taken place, companying with 
sintering. For the primary recrystallization, the particle diffusion distance was relative 
short; consequently, the influence of liquid phase was limited. During the first step 
heat-treatment, however, the solid-state reaction was a main procedure, while the 
diffusion through the liquid phase was a controlling step and the liquid phase played a 
key action. The promotion of H3BO3 to the first step heat-treatment was relative weak, 
and the contribution of it to the liquid phase was limited. Although H3BO3 could only 
contribute the liquid phase little, there was no problem for it to promote sintering 
greatly during the second step heat-treatment. In this investigation, it has already been 
observed that H3BO3 could promote crystallization better than both NaF and NH4F. 
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